N-Succinimidyl
S- (3- 
General information
Unless noted otherwise, all reactions were performed using oven-dried glassware under an atmosphere of argon. Molsieve-dried solvents were used from Sigma Aldrich and chemicals were bought from Sigma Aldrich, TCI, Carbolution, Roth and Carbosynth. For extraction and chromatography purposes, technical grade solvents were distilled prior to their usage.
Reaction controls were performed using TLC-Plates from Merck (Merck 60 F 254 ), flash column chromatography purifications were performed on Merck Geduran Si 60 (40-63 M).
Visualization of the TLC plates was achieved through UV-absorption or through staining with Ceric ammonium molybdate stain. NMR spectra were recorded in deuterated solvents on Varian VXR400S, Varian Inova 400, Bruker AMX 600, Bruker Ascend 400 or Bruker Avance III HD. HR-ESI-MS spectra were obtained from a Thermo Finnigan LTQ FT-ICR. IRmeasurements were performed on a Perkin Elmer Spectrum BX FT-IR spectrometer with a diamond-ATR (Attenuated Total Reflection) unit.
For MS-experiments, only highest grade solvents and reagents were used.
The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium [1] via the PRIDE partner repository [2] with the dataset identifier PXD015080. To a solution of 4-pentynoic acid (174 mg, 1.77 mmol, 2.6 eq.) in dry DMF (5 mL), triethylamine (416 mg, 570 μL, 4.08 mmol, 6.0 eq.), 1-HOBt•H2O (220 mg, 1.63 mmol, 2.4 eq.), EDC•HCl (312 mg, 1.63 mmol, 2.4 eq.) and DL-homocystin bis(methylester) dihydrochloride (2) (250 mg, 677 μmol, 1.0 eq.) were added and the mixture was stirred at room temperature for 15 h. Water (20 mL) was added and the suspension was acidified with HCl(aq) (2 M) to a pH of ≈2. The resulting suspension was extracted with AcOEt (2x30 mL). Combined organics were dried over MgSO4, filtered and the solvent was removed under reduced pressure. The crude product was purified by flash column chromatography (silica gel, hexanes:AcOEt 1:2) to yield 3 (221 mg, 480 µmol, 71%) as colorless oil. Because of the mixture of diastereomeres, twice the number of signals was observed in the 13 C-NMR-spectrum. The star (*) indicates the signals of the second stereoisomer. Retardation factor: RF (hexanes:AcOEt 1:2) = 0.27.
Chemical Synthesis
To a solution of disulfide 3 (1.50 g, 3.29 mmol, 1.0 eq.) in in a mixture of DMF and Wasser To a solution of diester 4 (156 mg, 0.495 mmol, 1.0 eq.) in a mixture of THF (3 mL) and water (3 mL) at 0 °C, LiOH (60 mg, 2.5 mmol, 5.0 eq.) was added and the reaction mixture was stirred for 30 min at 0 °C. Afterwards, the reaction mixture was allowed to warm to room temperature and stirring continued overnight. Water (15 mL) was added, the solution was acidified with HCl(aq) (2M) to a pH of 1 and extracted with AcOEt (5x15 mL). Combined organics were dried over MgSO4, filtered and the solvent was removed under reduced pressure.
Diacid 5 was obtained as colorless oil (128 mg, 0.445 mmol, 91%) and used without further purification. 
N-Succinimidyl S-(3-((N-succinimidyl)oxy)-3-oxopropyl)-N-(pent-4ynoyl)homocysteinate (6)
To a solution of diacid 5 (120 mg, 0.418 mmol, 1.0 eq.), N-hydroxysuccinimide (192 mg, 1.67 mmol, 4.0 eq.) and pyridine (264 mg, 270 µL, 3.34 mmol, 8.0 eq.) in dry MeCN (15 mL) at 0 °C, trifluoroacetic anhydride (351 mg, 232 µL, 1.67 mmol, 4.0 eq.) was added dropwise.
The reaction mixture was allowed to warm to room temperature and stirred overnight.
Afterwards, the solvent was removed under reduced pressure and the residue was taken up in CHCl3 (20 mL), washed with basic water (pH = 9 by NaOH, 1x30 mL), acidic water (pH = 3
by HCl(aq), 1x30 mL) and brine (1x30 mL). The organic layer was dried over MgSO4, filtered and the solvent was reduced under reduced pressure. Without further purification, di-NHSester 6 (158 mg, 0.328 mmol, 78%) was obtained in form of a colorless foam. 
Bis-N-hydroxydisuccinimidyl-S-oxo-S-(carboxyethyl)-N'-(pent-4inoyl)homocysteinate (cliXlink, 1)
To a solution of di-NHS-Ester 6 (169 mg, 0.351 mmol, 1.0 eq.) in AcOEt (2 mL), mCPBA (77%, 79 mg, 0.35 mmol, 1.0 eq.) was added. The resulting suspension was stirred for 30 min at room temperature. DCM (4 mL) was added and the solution was mixed with hexanes (8 mL), leading to the formation of a colorless precipitate. After filtration, the filtrate was again mixed with hexanes (5 mL) and the precipitate was filtered off. The combined precipitates were washed with DCM (5 mL), ice-cold AcOEt (10 mL) and ice-cold acetone (5 mL) and dried under reduced pressure. By this, crosslinker cliXlink (1) (99 mg, 0.20 mmol, 57%) was obtained as a colorless foam.
The isolated mixture of diastereomeres was used without further purification for the MSexperiments. Because of the mixture of diastereomeres, multiple, partly overlapping signals were observed in the 13 C-NMR-spectrum. The star (*) indicates the signals of the second stereoisomer. 
N-(2-((2-azidoethyl)disulfaneyl)ethyl)-biotinamide (7)
To a solution of biotin-pentafluorophenyl ester (500 mg, 1.22 mmol, 1.0 eq.) in dry DMF (10 mL), azide 9 (326 mg, 1.83 mmol, 1.5 eq.) was added, followed by triethylamine (0.44 g, 0.60 mL, 4.4 mmol, 3.6 eq.). The reaction mixture was stirred at room temperature for 3 h. 
Sample preparation & mass spectrometric analysis

Cross-linking for BSA analysis
CuAAC-modification & enrichment
Samples that were modified and enriched were for the first part prepared the same way as the cross-linking-only samples. After acetone precipitation however, these samples were resuspended to a concentration of 6 µg/µL with resuspension buffer (6 M guanidinium chloride, 10 mM EPPS, pH 8.5) and incubated at 37 °C for 15 min following addition of dilution buffer The samples were reduced, alkylated, quenched and desalted as described above. 2 µL were injected per measurement. 
MS-Analysis
Data analysis
The acquired .raw data files of the BSA-cross-linked samples were converted to .mgf-files with MSConvert by the ProteoWizard software suite (version 3.0.9576). [3] For analysis of the .mgf-files, MeroX 2.0.0.6 was used. [4] [5] A .FASTA-file was supplied which consisted of the sequence of bovine serum albumin (BSA; Uniprot: P02769) in addition to 38 possible interferences from the dust/contact protein section of the cRAP-database (https://www.thegpm.org/crap/) to increase the size of the utilised .FASTA-file to aid with FDR verification.
The following cross-linkers were defined:
cliXlink:
Supplementary We only considered cross-link spectral matches (CSMs) and unique XLs which were FDRcontrolled to 1% and had at least a MeroX-Score of 50.
For further analysis, we used the xVis server of the Herzog lab (LMU Munich) for generating the xVis-representation. [6] Euclidean Cα-Cα-distances of the identified cross-links in the crystal structure of BSA (pdb: 4f5s) [7] were measured with xWalk. [8] For the data analysis in Fig. 3C , for the sample before enrichment, cliXlink was used unmodified. Only after enrichment, modified cliXlink was utilised. The datasets were analysed with the respective settings. The measurements were carried out from technical triplicates of both the samples prior to and after enrichment. Standard deviation is indicated by the error bar.
Cell permeability
For each sample, 2 million cells (HEK293T) were detached from the incubation vessel and washed twice with PBS. After resuspension in 100 µL PBS, 50 mM DSSO or cliXlink (1) were added for a final concentration of 5 mM. Two controls with the same volume of water or DMSO were also prepared. All samples were incubated on ice for 1 h following quenching with NH4HCO3 (20 mM final concentration, incubation on ice for 15 min). The cells were pelleted by centrifugation at 400 × g and 4 °C for 3 min, resuspended in 500 µL RIPA buffer with 1x protease inhibitor cocktail (cOmplete™ EDTA-free, Roche) and 90 U/mL Benzonase and incubated at 4 °C for 1 h in an orbital shaker. The samples were centrifuged at 15000 × g and 4 °C for 10 min and the supernatant was transferred to a new Eppendorf vial. To determine the protein concentration, a Bradford assay was conducted and 5 µg of each sample were mixed with 5x SDS loading buffer and loaded on a 15% SDS gel to analyze the degree of cross-linking. The gel was run at 50 V for the first 30 min and then at 150 V until the Bromophenol Blue dye reached the bottom of the gel. Staining was carried out using Coomassie Brilliant Blue G-250 (Sigma-Aldrich).
Methyl S-(3-methoxy-3-oxopropyl)-N-(pent-4-
ynoyl)homocysteinate (4)
